Activation of the complement system results in the sequential interaction of its protein constituents, producing a series of enzymes from their precursors, each of which acts on the next protein in the chain, forming interprotein complexes of two or more of the cleavage products. The consequences of such activation include increased vascular permeability, attraction of polymorphonuclear leucocytes, the enhancement of phagocytosis, and alterations in cell membranes resulting in lysis and death.
The classical complement system involves nine components labelled Cl to C9 which react together in a manner described as a cascade (Macfarlane, 1964) . Activation of the system is usually brought about by the combination of an antibody with an antigen, which activates the complement-binding site of the antibody molecule, thought to be situated on the CH2 domain. The antigen may be in solution or on a cell surface. The Cl molecule becomes attached first to the antibody through a specific component Clq (Muller-Eberhard, 1968) , fixation of which allows alterations to occur in the rest of the Cl molecule, with the formation of an esterase CIS which is capable of activating later components. The full classical sequence in relation to haemolysis is shown in figure 1. Once activated, each component must become bound to its specific receptor, which may be either the previous component in the sequence or a nearby site on the red cell surface. The half-lives of these activated components can be very short indeed, of the order of milliseconds (Lachmann and Thompson, 1970) . If the activated components fail to become bound they lose their binding sites and the capacity to activate later components in the sequence; they circulate in the plasma in their inactivated forms, which are of smaller molecular weight than their parent molecules, and are cleared from the circulation at varying rates.
At many of the steps within the complement sequence small molecular weight products are formed with specific physiological functions. Activation of C3 is by far the most important. Increased vascular permeability is caused by the formation of a low molecular weight peptide C3a (Ward, 1969) at the same step. It is now thought that the formation of these components and others of similar function is the most important role of the complement sequence, the formation of a lytic enzyme being of less importance. Such a potent enzyme system is under strict homeostatic control, and accidental triggering of the system, or the consequences of too great an activation, are controlled in one of two ways. First, the short half-lives of the activated components tend to limit the degree of activation. Secondly, there are inhibitors of the complement sequence within the circulation which act at three places within the sequence (fig 2) . Cl inhibitor acts as a competitive inhibitor of C2 (Lepow, Ratnoff, and Levy, 1958) , C3 inhibitor (KAF) inactivates C3 conversion to C3c and C3d (Tamura and Nelson, 1967) , and C6 inhibitor prevents activation of C7 in a way which is not understood (Nelson and Biro, 1968 (Mancini, Vaerman, Carbonara, and Heremans, 1964) and the Laurell 'rocket' electroimmunoassay (Laurell, 1966) . Both these methods depend upon the migration of antigen into excess antibody dispersed uniformly within a gel matrix. Precipitation occurs at or near the equilibrium point as defined by Heidelberger and Kendall (1929) . The distance of migration from the origin is proportional to the concentration of the antigen. Electroimmunoassay is to be preferred because of its greater accuracy, speed and sensitivity. Measurements of complement components by these procedures cannot, however, distinguish between the amount of parent component and inactivated product, the levels of which are dependent on their relative rates of synthesis and catabolism. If these methods are used, only large changes in complement component are significant.
An increase in the serum concentration of a component of complement is generally not of major clinical importance. Most of the components behave as acute phase proteins and the levels, particularly of C3, may rise significantly in many inflammatory conditions, such as infections, rheumatoid arthritis, infarction, and after injury.
Low levels of complement components are much more important. These may result either from increased consumption (complement activation) or from decreased synthesis. Reduced C3 levels may be present in a wide variety of diseases such as acute glomerulonephritis and systemic lupus erythematosus, and transiently in acute viral hepatitis, serum sickness and some forms of drug reaction.
The level of C3 may be useful in diagnosis and in following the course of a disease. At the onset of acute glomerulonephritis the level of C3 is markedly reduced, but the level gradually returns to normal with recovery. Persistence of the low C3 levels in the plasma indicates that the disease is becoming chronic. The level of C4 may also be informative; in acute glomerulonephritis in particular, the C4 is rapidly reduced to a very low level (Kohler and Bensel, 1969) but rapidly recovers and may be normal by the time the patient is admitted to hospital.
In systemic lupus erythematosus and other diseases in which soluble immune complexes have been demonstrated in the plasma, depression of the level of many complement components has been observed when the disease was severe, particularly when associated with renal involvement (Schur and Sandson, 1968) ; during the active phase Clq, C4, C2 and C3 have all been shown to be reduced (Hanauer and Christian, 1967) . Serial observations have revealed depressed levels before the reappearance of clinical symptoms (Ruddy, Everson, Schur, and Austen, 1971) . In active disease without renal involvement the level of C4 may be reduced with normal levels of C3. Reduction of C4 generally precedes reduction of C3, Clq and CHso (Vaughan, Bayles, and Favour, 1951) and may take longer than these components to return to normal levels, once the attack subsides. In this disease the maintenance of normal complement levels is a desirable therapeutic goal.
In membranoproliferative or mesangio-capillary glomerulonephritis there is no evidence of antibody involvement. Some 50%' of such patients exhibit low C3 levels, whilst the C4 level is invariably normal or raised (Gewurz, Pickering, Mergenhagen, and Good, 1968a) . The explanation of this will be given later. The level of C3 may be extremely (1) normal plasma which has a single peak indicating that all the C3 is in its native form; (2) plasma from a patient with acute glomerulonephritis which shows a reduced C3 level and the presence of two other peaks, C3c and C3b, indicating that conversion of complement has taken place; (3) plasma from a patient with rheumatoid arthritis C3 and small amounts of conversion products (C3i).
Activation ofcomplement in relation to disease variable and unrelated to disease activity (Cameron, Vick, Ogg, Seymour, Chantler, and Turner, 1973) . Partial lipodystrophy can also be associated with a similar derangement of complement.
Both C3 and C4 may be low in severe haemolytic anaemia, septicaemia and some forms of liver disease (Grieco, Capra, and Paderon, 1971) , particularly chronic active hepatitis and alcoholic cirrhosis. In the latter, decreased synthesis may be a factor.
Activation of complement results in the formation of inactive products of smaller molecular weight. These often have a different charge from their parent molecules and can be separated from them by electrophoresis. Immunoelectrophoresis (Graber, 1964) will show a line of identity between the parent molecule and the inactivated component. However, immunoelectrophoresis is not usually sufficiently sensitive to detect small levels of the inactive component. An allied technique described by Ressler (1960) and Laurell (1965) employing two-dimensionl immunoelectrophoresis increases the sensitivity. Samples separated by electrophoresis in agarose gel are electrophoresed at right angles to the previous separation into agarose gel containing specific 41 antibody. Precipitation of specific antigen-antibody complexes occurs in the form of peaks. In fig 4 three such analyses are shown for C3. One shows the normal single peak of C3. Another, from a patient with acute glomerulonephritis, shows a reduced level of native C3 together with two smaller peaks, the inactivation products C3b and C3c. The third pattern, which is from a patient with rheumatoid arthritis, shows a normal level of C3 and only small amounts of C3b and C3c.
This technique is of particular importance in the investigation of many immune complex diseases such as acute glomerulonephritis, systemic lupus erythematosus, rheumatoid arthritis and ankylosing spondylitis. The presence of C3 activation or conversion is indicative of complement activation in vivo, and therefore provides non-specific evidence of disease activity, which is far superior to the ESR and other similar tests. Care, however, must be taken when interpreting results of such tests, since the method is extremely sensitive, and false positives may occur. All blood samples for such analyses should be taken into EDTA after discarding the first 2 ml of blood drawn in which components from damaged tissue could have activated plasmin, which PATIENT R.J. Blood should be separated within two hours of collection and either electrophoresed immediately or stored at approximately -70°. Electrophoresis should be performed in the presence of a buffer containing 1 mg/ml EDTA, since complement activation can be caused by the gel matrix itself.
Using this method it is possible to detect the presence of activation products of complement even when there is no fall in the level of the parent component. For example, fig 5 shows a patient with systemic lupus erythematosus without renal involvement; the C3 level gradually fell during the period of observation. During the course of treatment with prednisone, however, the patient relapsed, showing a peak of marked complement conversion. The dose of prednisone was increased, the level of conversion fell and the patient recovered. This illustrates one of the uses of complement conversion in the monitoring of treatment in immune complex diseases. In polymyalgia rheumatica, which responds quickly to prednisone treatment, normal levels of C3 may persist throughout the course of treatment, while the level of complement inactivation products falls rapidly after beginning treatment with prednisone.
Rheumatoid arthritis and ankylosing spondylitis, two other diseases in which immunological abnormalities have been described, may both exhibit complement conversion during periods of activity (Versey, Hobbs, and Holt, 1973) . In In the preceding paragraphs, activation of the major component of complement, C3, has been discussed. Many other components of complement, when activated, also form products with electrophoretic mobilities which differ from that of the parent molecule. C4 produces two major activation products, one of slower and the other of faster mobility in agarose (Sjoholm and Laurell 1973) ; estimation of the faster products can prove useful in conjunction with C3 conversion. The level of C4 conversion produced in such a system is much lower than that of C3 and may easily be missed. In diseases in which activation of complement involves the full sequence, when for example, immune complexes are present, activation of C4 will parallel that of C3.
In addition to the classical sequence of complement activation, a new pathway of activity has recently been discovered. The early work of Pillemer and his coworkers (Pillemer, Blum, Lepow, Ross, Todd, and Wardlaw, 1954) established that a serum component, designated properdin, together with certain cofactors, possessed the property of initiating the complement sequence directly at the C3 level, when activated by a component of yeast cell walls, zymosan. This work was ignored for a decade, but observations have recently shown that a factor isolated from cobra venom has similar properties (Muller-Eberhard and Fjellstrom, 1971 ). This component acts through asequenceof serumenzymes to form an enzyme capable of activating C3 directly, bypassing all earlier components (Nelson, 1966) . Similar results have also been shown with many other activators, including lipopolysaccarides or bacterial endotoxins, insulin and aggregated gamma globulin (Gewurz, Shin, and Mergenhagen, 1968b) . This pathway of activity may be of more importance physiologically than the classical complement sequence. It has been suggested that the system mav be a major bacterial defence mechanism before antibodies are formed (Lachmann, Elias, and Moffet, 1972) . Antibodies are not required for successful alternative pathway activity, which will result in some chemotactic and opsonin activity allowing a minor degree of phagocytosis of bacteria. For haemolysis, the alternative pathway is less efficient than the classical pathway. Once antibodies are formed the classical pathway will mask alternative pathway activity. Estimation of the levels of individual components in the alternative pathway by electroimmunoassay will give an indication ofactivity of the pathway. Antiserum to C3 proactivator or GBG' (one of the components of the alternative pathway) is commercially available and can be used for its assay. Reduced levels give an indication of alternative pathway activity. Activation of GBG, like activation of C3, produces components of different electrophoretic mobility from the parent molecule (Boenisch and Alper, 1970) . Demonstration of such activation by two-dimensional immunoelectrophoresis is a strong indication of alternative pathway activity, but is not easy because the two activation products may not separate sufficiently from the parent molecule for easy identification. In addition, since C4 is not involved in the alternative pathway, the lack of C4 conversion in the presence of C3 conversion is a good indication of alternative pathway activity. Alternative pathway activity was illustrated by a patient who was bitten by a snake whose plasma revealed marked inactivation of C3 but not of C4 (Nicolson, Ashby, Johnson, Versey, and Slater, 1974) . The scheme proposed for the alternative pathway by Lachmann is shown in figure 2 .
Activation of the alternative pathway appears so far to be of limited clinical importance. Its significance has only been demonstrated in a few diseases. One notable example has been demonstrated in a patient described by Alper, Abramson, Johnston, Jandle, and Rosen, in 1970, who had suffered from severe recurrent infections since birth. Investigations revealed limited phagocytic activity which could be ascribed to a deficiency in complement activity. C3 levels were about one-third of normal. Two-dimensional immunoelectrophoresis revealed that three-quarters of this C3 was present in the inactivated form C3b. Furthermore no GBG could be detected. Recent work has shown that the primary deficiency is the lack of C3 inhibitor which normally prevents activation of GBG (Abramson, Alper, Lachmann, Rosen, and Jandl, 1971) . This deficiency has been mimicked in vitro and its effects on the levels of complement components are very similar. Another family has recently been discovered at the Westminster Hospital. The twin patients both suffered from recurrent infections. Laboratory examination revealed that T and B cell lymphocyte functions were apparently normal. However, the patients appeared deficient in chemotactic factor like the patients described by Miller and Nilsson (1970) . Examination of their humoral complement activity revealed that they had a normal complement level. Their Clq, C3, C4 and GBG levels were all normal. However, investigations showed that their ability to respond to bacterial lipopolysaccharides 1 Glycine-rich-.-glycoprotein was impaired, and that this block occurred somewhere in the alternative pathway sequence. If this is so, the importance of an intact alternative pathway system has been demonstrated. The patients' complement can be reconstitued both in vivo and in vitro by adding small amounts of fresh plasma. The patients have now had plasma therapy for six months. Their osteomyelitis and general health have much improved and there has been no sign of return of symptoms. In addition to these two known defects of the alternative pathway a third more common variant is known. In mesangiocapillary glomerulonephritis and partial lipodystrophy a factor can be isolated from the plasma of about 50% of patients which appears able to interact with C3 directly (Spitzer, Vallota, Forristal, Sudora, Stitzell, Davis, and West, 1970) . The factor, NeF, is thought to be a separate activator of the alternative pathway, and may act as an antibody-like molecule to C3-inhibitor, thereby allowing alternative pathway activation. However, NeF has been isolated and characterized by Arroyave, Vallota, and Miiller-Eberhard, 1974 ) and shown to be a protein but different from gamma globulin; it may have a counterpart in normal human serum.
Deficiencies of the complement system in man are very rare, and include reductions associated with impaired IgG synthesis (Kohler and MullerEberhard, 1969) , Clr deficiency, C3 deficiency, partial C3 deficiency and C5 dysfunction, although the number of recorded cases is small. When the clinical features suggest a complement deficiency and a humoral defect can be demonstrated, the further investigation of such cases should be referred to a specialized laboratory.
So far no mention has been made of functional activity of the individual components. Methods of testing the latter have been described recently by Lachmann, Hobart, and Aston (1973) ; they cover all aspects of complement but are highly specialized and only available from a limited number of laboratories for individual patient studies on a research basis. When deficiency of complement is suspected analysis of total complement by CH5O tests will generally show whether any deficiency exists. When a deficiency has been proved, the examination should be completed in the more specialized laboratories.
